NICAl.  REPORT  6CS4 


FORMING  TEST  FOR  TRANSPARENT  PLASTIC  SHEET  MATERIALS 


E.  N.  non ERTSCN 
C.  is.  »£flER 

ROI1MANO  ft  A AS  COMPANY 


DECEMBER  iOS5 


BRIGHT  AIR  DEVELOPMENT  CENTER 


BEST  AVAILABLE  COPY 


| !« 


< 

f 

i 

i 

,1 

■t 


t 

* 

i 

i 

r 


f T P 

I ’ 

* . » 


FORMING  TEST  FOR  TRANSS»ARENT  PLASTIC  SHEET  MATERIALS  j 

■j 

g 

f 


E.  jV.  flobtrisr’fi 
C.  H.  Wrber 

Ro6m  <?oc/  Haas  Conpany 


•*> 

$ 

I 

5 

4 


? 


Deccfbef  19 '.3 


tAaiincui 

Ct/theil  .Nt>.  4P  >3W  3r}h2i'?4? 
RDO  He.  Z ? 


J 


i ^ 


bright  Air  DtreHopmcn'..  CeiUtr 
Ah-  Hsr'ftarch  srrA  Ut.vetr»pit«c»t  CjatK«s»d 
ed  States  Air  Fare* 
WrlgKj'Pstteracn  Air  Fort.r  Ba*^,  -jrit 


*c  'hrtr.or  K Werntr,  1 
l iO  - n»rc&,  195L 


?nct$  r*yvo»»^  ChJo 


FOREWORD 


This  report  v»as  prepared  by  the  Rohm  and  Haas  Company,  under 
OSAF  Contract  No.  AF  33 (038) -22945*  The  contract  was  initiated 
under  Research  and  Development  Order  No.  616-12,  "Transparent  Materials", 
and  was  administered  under  the  direction  of  the  Materials  Laboratory, 
Directorate  of  Research,  Wright  Air  Development  Center,  with  Lt  W. 

K.  Stemple  acting  as  project  engineer. 
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ABSTRACT 


Development  ol  a test  procedure  and  apparatus  for  use  In 
qualification  testing  of  transparent  plastic  sheet  material  under 
military  specifications  is  described.  The  procedure  was  used  to 
differentiate  the  forming  characteristics  of  five  transparent 
plastic  sheet  materials  thai.  are  supplied  under  five  different 
Government  Specifications  for  use  in  aircraft  enclosures. 

The  plastic  materials  were  found  to  be  sufficiently  different 
in  characteristics  at  high  temperatures  tc  h$vs  distinctly  ~ 
different  moduli  of  elasticity  and  to  retire  different  conditions 
of  temperatures  and  pressures  for  forming.  The  . f oriiiing  parameters 
(thickness,  pressure,  time  and  temperature)  which  will  permit 
qualification  testing  to  differentiate  the  materials  are  given. 
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PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 
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INTRODUCTION 


Various  types  of  piestis  materials  are  usable  ac  transparent 
sections  in  aircraft  enclosures.  In  general,  these  materials  are 
manufactured  as  flat  sheets  which  can  be  subsequently  formed  into 
more  useful  shapes  for  aircraft  by  the  application  of  heat  and  a 
deforming  load.  However,  not  all  such  materials  ere  forraable  into 
shapes  involving  compound  curvature  and  certain  of  those  materials 
which  may  be  formed  into  compound  curves  are  not  as  easily  fonaable 
as  others.  Hence,  there  is  a need  for  a method  of  test  which  will 
differentiate  between  the  formability  characteristics  of  the  avail- 
able t i ansparent  plastic  materials  for  purposes  of  qualification 
testing  under  mI15tary  specifications,  which  nay  be  useful  in  the 
evaluation  of  new  plastic  materials  and  which  will  provide  engineers 
with  design  criteria  or  limits  of  formability  and  extensibility. 

In  addition,  it  is  well  known  that  inherent  limitations  of  practical 
uiajaui ac curing  (leciuu.quoe  pioauue  vtxi  .uxllouS  In  »I1  products.  Thus, 
there  is  the  possibility  that  the  Durability  characteristics  of  a 
given  type  of  transparent  plastic  material  may  vary  with  differences 
in  manufacturing  techniques. 

The  research  reported  herein  is  intended  to  devise  a method 
of  test  of  the  formability  characteristics  of  five  plastic  materials 
currently  manufactured  for  use  as  transparent  sections  in  aircraft 
enclosures , The  method  of  test  developed  from  this  research* 

1.  Measures  differences  in  the  extensibility  of  the 
various  materials  under  forming  conditions. 

2.  Measures  differences  in  the  formability  of  the 
various  types  of  plastic  materials. 

3.  Is  useful  for  specifying  the  formability  of  each 
type  cf  plastic  material. 
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CGJECT  or  RESEARCH 

The  ?*■« • ¥£  v r -..’ect  or  this  research  was  to  devise  a relatively  simple 

PROCEDUPF  TO  .■'EHWI;  QUAL  I » l CAT  ION  TESTING  OP  THE  FORMABILITY  CHARACTERISTICS 

or  five  ?v  c sheet  materials  currently  manufactured  for  use  as  transparent 

SECTIONS  <H  *}»JRaFT  ENCLOSURES. 

The  secondary , correlated  objects  of  this  research  werei 

A.  To  DETERMINE  THE  FLEXURAL  DEFORMATION  VS.  TEMPERATURE 
CHARACTERISTICS  OF  STANDARD  SPECIMENS  OF  THE  PLASTICS 
SUCUECTED  TO  VARIOUS  STRESSES. 

8,  To  DETERMINE  THE  TENSILE  MODULUS  OF  ELASTICITY  VS. 

TEMPERATURE  CHARACTERISTICS  OF  THE  PLASTICS. 

C.  TO  DETERMINE  THE  FORMING  PARAMETERS  (THE  TIME,  TEMPERATURE, 
LOAD,  THICKNESS  AND  DEFORMATION  RELATIONSHIP)  REQUIRED  TO 
PRODUCE  OPTICALLY  SATISFACTORY,  APPROXIMATELY  SPHERICALLY 

oo  a mna*  spi  jit  oi  *«r  i o quFct 

D.  TO  INVESTIGATE  THE  LIMITATIONS  OF  FORMABILITY  OF  THE 
PLA8TIC  SHEET  WHICH  COULD  NOT  BE  SPHERICALLY  8KAPED 
AND  DETERMINE  FORMING  PARAMETERS  FOR  SUCH  MATERIAL. 

The  third  object  of  this  research  was  to  devise  a simple  test  method 

OR  METHODS  WHICH  WILL  positively  DIFFERENTI ATE  BETWEEN  THE  FORMABILITY 
CHARACTERISTICS  OF  THE  SUBJECT  PLASTIC  MATERIALS. 


SECTION  !l 
APPARATUS  USED 


1.  An  experimental,  controlled  temperature,  forced  circulation,  air  I 

oven.  Associated  equipment  and  a fixture  for  spherically  forming  8"  dia- 
meter PLA3TIC  DOMES  USING  11"  DIAMETER  DISCS. 

Figure  1 is  a schematic  diagram  of  the  experimental  oven 

ARRANGED  TO  MEASURE  THE  ELONGATION  RATE  OF  PLASTIC  SPECIMENS  MAINTAINED  AT  « 

A CONSTANT  TEMPERATURE.  FIGURE  2 IS  A PHOTOGRAPH  OF  THE  OVEN  4 

SET-UP  USED  TO  MEASURE  THE  ELONGATION  RATE.  THE  REMOVABLE  PLATFORM  SUPPORTS 

•* 

THE  ENTIRE  LOAD  OF  STRESSING  WEIGHTS  AND  LOWER  SPECIMEN  TENSILE  GRIPS  UNTIL 

THE  SUPPORTING  LEGS  OF  THE  PLATFORM  ARE  COLLAPSED  WITH  THE  AID  OF  STRINGS,  i 

A FTP.  6684  1 i . 


I 


I 

1 

I 


t 

i ; 

t 

I 1 


AS  THE  PL ATFOAU  n«OPS;  A MICROSWITCM  ON  ONE  0?  THE  PLATFORM  GV! IDES  STARTS 
JHF.  TIMER  WHICH  IS  VIEWED  fiY  THE  16  MM.  CAMERA  WITH  THE  AID  OF  THE  MIRROR. 

Figure  3 is  a photograph  of  the  tensile  grips  made  to  clam* 

HARD  OR  SOFT  PLASTIC  SPECIMENS  DURING  ELONGATION. 

Figure  4 is  a schematic  diagram  of  the  same  oven  arranged 

TO  MEASURE  THE  DEFORMATION  OF  A PLASTIC  DISC  WHILE  BEING  FREE-BLOWN  INTO  A 
SPHERICAL  SECTION.  THE  DIAMETERS  OF  THE  SHEAVES  WERE  CHOSEN  TO  PRODUCE  A 
MOVEMENT  OF  THE  ARMATURE  OF  THE  MOTION  SEN80R  OR  TRANSMITTER  (AN  INDUCTANCE 

coil,  see  Reference  14)  of  1.2"  for  a 4"  vertical  movement  of  the  center  of 

THE  TEST  SPECIMEN.  MOVEMENT  OF  THE  ARMATURE  18  RECORDED  BY  ONE  OF  THE  PENS 
OF  THE  RECORDER. 

The  controlled  air  pressure  used  to  deform  the  test  specimen  into  a 

SPHERICAL  SECTION  WAS  MAINTAINED  AT  A CONSTANT  VALUE  BY  A MODEL  H-10  CONOFLOW 

Pressure  Regulator.  To  avoid  errors  produced  sy  air  leakage,  a completely 

SEPARATE  AIR  LINE  (SEE  FIGURE  4,)  WAS  USED  TO  CONNECT  THE  PRES3URE 

INDICATORS  AND  RECORDER  TO  THE  TEST  JIG.  FIGURE  5 IS  A VIEW  OF 

»;*»  SIDE  OF  THE  ’ VENT.AI.  Ovcl*‘  Twe  A***1,*  vC  1 **^1  * en 

"OLAMPiNG  PNESSURc  CONTROL"  CONTROLS  T HE  6C  TO  lOO  PSIG.  SUPPLY  TO  THE  CLAMP~ 
ING  PISTONS  OF  THE  FORMING  FIXTURE.  ThE  PRESSURE  REGULATOR  PROVIDES  AIR  AT 
20  PSIG.  TO  OPERATE  THE  INDICATORS  AND  RECORDER  AND  ALSO  SUPPLIES  AIR  TO  THE 
CONOFLOW  PRESSURE  REGULATOR  USED  TO  PROVIDE  CONSTANT  PRESSURE  FOR  FORMING 
TEST  SPECIMENS.  TO  OBTAIN  AIR  PRESSURE  AT  THE  CONOFLOW  REGULATOR  GREATER 
THAN  20  PSIG.,  A BY-PASS  WAS  PROV iUED  FROM  THE  SUPPLY  LINE  TO  THE  CONOFLOW 
REGULATOR.  THIS  LINE  APPEARS  BELOW  THE  FILTER  IN  FIGURE  % A 

PRESSURE  RANGE  CHANGE  SELECTOR  SWITCH  IS  USED  TO  DIRECT  THE  MEASURED  AIR 
PRESSURE  FROM  THE  FORMING  FIXTURE  TO  THE  PROPER  PRESSURE  INDICATOR  WHICH, 

SN  TURN;  OPERATES  TMg  PRESSURE  RECORDER; 

The  temperature  within  the  oven  cavity  is  measured  by  the  temperature 
SENSING  BULB  (SEE  FIGURE  AND  IS  RECORDED  BY  ONE  OF  THE  PENS  OF 

THE  RECORDER, 

The  fixture  or  jig  for  forming  spherical  sections  is  shown  disassembled 
in  Figure  6 with  a formed  test  specimen  in  place.  The  springs  on 

THE  GUIDE  PINS  ON  THE  LOWER  PORTION  OF  THE  JIG  ARE  USED  TO  SUPPORT  THE  WEIGHT 
OF  THE.  TOP  KiNG,  HINGED  CLAMPS  AND  A FLAT  PLASTIC  TEST  SPECIMEN  WHICH  IS  FiRST 
ATTACHED  TO  THE  TOP  RING  WITH  SPR ! NG-LOADED  PAPER  CLAMPS  (NOT  SHOWN  IN  THE 

photograph).  Thus,  as  the  fixture  is  used  in  the  oven,  the  horizontally 

MOVING  AIR  STREAM  PASSES  ACROSS  BOTH  TOP  AND  BOTTOM  OF  THE  TEST  SPECIMEN 
DURING  THE  PREHEATING  PERIOD. 
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The  air  pressure  accumulator,  shown  in  the  oven  cavity  in  Figure  7, 
provides  a r.cccnvs.’f?  or  :p  at  the  oven  temperature  and  at  a 

CONSTANT  PRESSURE  0"T£RW I NEC  SY  THE  SETTING  Of  THE  CONOFLOW  REGULATOR,  A 
SOLENOID  VALVE  RELEASES  THE  AIR  IN  THE  ACCUMULATOR  TO  THE  SPACE  ENCLOSED  BY 
THE  TEST  SPECIMEN  AND  THE  SOTTOM  PLATE  OF  THE  FIXTURE  TO  START  THE  FORMING 

PROCESS.  The  pressure  is  maintained  by  air  from  the  Conoflow  regulator. 


The  clock  work  mechanism  of  the  recorder  was  chosen  to  turn  the  chart 

at  a RATE  OF  1 REVOLUTION  EVERY  6 MINUTES.  ThE  ELECTRIC  CURRENT  ACTUATING 
THE  SOLENOID  VALVE  IN  THE  AIR  LINE  ALSO  SIMULTANEOUSLY  STARTS  THE  CLOCK 
MECHANISM  OF  THE  RECORDER. 

2*  Bolex-Paillard  16  MM.  MOVIE  camera  EQUIPPED  WITH  AN  Fl.9,  26  MM. 
FOCAL  LENGTH  LENS, 

3.  Necessary  general  equipment  for  taking,  developing  and  projecting 
16  mm.  film. 

4.  Bausch  and  Lows  microscope  equipped  with  a micrometer  eyepiece 
AND  48  MM.  OBJECTIVE. 

5.  Precision  Scientific  Company  ''Time-It"  timer  numerically  indicat- 
ing SECONDS  AND  t/lu  SECONDS. 

6.  Flexural  Deformation  (Heat  Distortion)  Temperature  tester  (gee 
Reference  10), 

7.  Mercury  manometer  and  standard  gages. 

8.  NBS  Certificate  No.  73075  ~5°C.  to  36o°C.  (22^F.  to  68o°F.) 
thermometer. 

9.  Alnor  "Velometer"  air  velocity  meter. 

10.  Brown  '’Electron! k"  8 point  temperature  recording  potentiometer  and 
thermocouples. 

11.  Haze  Meter  (See  Reference  11). 

12.  Flocked-rubber  covered  cylindrical  sections  forms  of  several  radii. 


SECTION  m 
MATERIALS 

The  following  sheet  flastic  was  obtained  from  the  indicated  sources,  (n 
each  case  material  was  ordered  to  conform  to  the  pertinent  specification,  ex- 
cepting for  the  Lucite,  which  had  been  previously  purchased  for  other  purposes, 
and  for  some  sheets  of  Plexiglas  which  were  not  of  a thickness  appearing  in 
THE  specification. 
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Applicable 
Specj? (CATION 

Material 

Type 

MIL-P-6887 

Acetate 

MIL-P-6887 

Acetate 

AF12041 

Vinyl 

AF1204O 

Allyl 

MIL-P-5425 

Acrylic 

MfL-P~5M25A 

Acrylic 

MM  n*r4/,p 
•»»l  w-  '*  J-TC.J 

A * * 

rf’YV*  • • u , W 

MIL-P-6886 

Acrylio 

Nominal 
Thicknesses 
Obtained 
( Inches) 

Trade  Name 

0,060,0,125 

Lumarith 

0,125,0.250 

Plastacele 

0.060,0.125 

0.150 

V INYLiTE 

0.060,0.125 

0.250,0.500 

CP-39 

0,250 

Luc  its  HC202 

0.250 

Lwcite  HC212 

n 

W # W WV  f^o  « _> 

0.250,0,500 

PLUS  VARIOUS 

rvif'i  I 1 

* ».*.*»  1 W w I 1 

0.060,0,125  Plexiglas  ]-A 

0.250,0.500 

PLUS  VARIOUS 


Source  of  Supply 


Celanese  Corp,  of  America 

12  South  12th  Street 
Philadelphia,  Penna, 

E,  I.  BUPONT  COMPANY 

Wilmington,  Delaware 

Bakelite  Company 
1649  N,  Broad  Street 
Philadelphia,  Pzm a. 

The  Homalite  Corporation 

13  Drooks ide  Drive 
Wilmington,  Delaware 

E.  }.  duPont  Company 
Arlington,  N,  J. 

E.  i.  duPont  Company 
Arlington,  N.J. 

Oaim«  6 Uf  jrf, 

Philadelphia,.  Penn  a 4 

Rohm  4 Haas  Company 
Philadelphia,  Penna, 


SECTION  IV 
mCCEDURE 

osm&SAumsjm 


l-FWK  RESOLUTION  CHARTS  WERE  TAPED  TO  A VERTICAL  WALL.  ALONG  A HORIZONTAL 
AND  ONE  DIAGONAL  LINE.  Th£  SPACING  OF  THE  CHARTS  WAS  SUCH  AS  TO  SUBTEND  ANGLES 
OF  5°,  10°,  15°  AND  20°  FROM  THE  INTERSECTION  OF  THE  TWO  LINES,  3 INGLE  FRA^Z 
PICTURES  OF  THE  CHARTS  WERE  TAKEN  WITH  THE  GOLEX  CAMERA  EQUIPPED  WITH  TH* 

26  MM.  FOCAL  LENGTH  LENS,  USING  SUPER  X FILM.  EXPOSURES  WERE  MADE  AT  EACH 
DIAPHRAGM  OPENING  (Fl„9  TO  F22)  IN  ACCORDANCE  WI^H  THE  RECOMMENDATIONS  OF 
Reference  8.  The  film  was  developed  without  reversal.  The  number  of  lines 

RESOLVED  SY  THE  LENS-FILM  SYSTEM  WAS  DETERMINED  WITH  THE  AID  OF  A 12X  MAGNIFY- 
ING GLASS  AND  THE  CONSTANCY  OF  SPACING  OF  THE  CHARTS  ON  CERTAIN  Or  THE  NFTA- 

H 
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TfYES  WAS  DETERMINED  WITH  THE  MICROMETER  ATTACHMENT  ON  THE  BaUSCH  ANO  LOME 
MICROSCOPE. 


The  air  deflecting  vanes  (see  Figure  l)  of  the  experimental 

OVEN  WERE  ADJUSTED  WITH  THE  AID  OF  THE  VELOMETER  TO  GIVE  OPTIMUM  UNIFORMITY 
OF  AIR  FLOW  ACROSS  THE  OVEN  CAVITY  AT  APPROX IMATELY  ROOM  TEMPERATURE.  THE 
BEST  RESULTS  WERE  OBTAINED  WITH  THE  OVEN  BLOWER  OPERATING  AT  THE  HIGHEST 
OBTAINABLE  SPEED  (750  RFM).  THE  MAXIMUM  AIR  VELOCITY  OF  APPROXIMATELY  2?5 
Pt/miNUTE  WAS  MEASURED  NEAR  THE  DOOR  OF  THE  OVEN,  DECREASING  TO  50  Ft/mINUTE 
NEAR  THE  REAR  OVEN  WALL.  VARIATION  FROM  TOP  TO  BOTTOM  OF  THE  OVEN  WAS  275 

to  50  ft/minute. 

Several  fine  wire  thermocouples  were  embedded  in  the  center  plane  of 

0,125**  X 1"  X 15"  SPECIMENS  OF  PLEXIGLAS  WHICH  WERE  THEN  HUNG  IN  THE  TENSILE 
GRIPS  IN  THE  OVEN  AND  ORIENTED  IN  ACCORDANCE  WITH  THE  PROPOSED  TEST  METHOD. 
The  SIGNAL  FROM  THESE  AND  SEVERAL  OTHER  THERMOCOUPLES  IN  THE  AIR  STREAM  WAS 
RECORDED  AS  THE  OVEN  TEMPERATURE  WAS  INCREASED  TO  ONE  OF  SEVERAL  CONSTANT 

temperatures.  These  records  were  analysed  for  oven  heaping  time  and  uniform- 
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Several  mercury  thermometers  were  calibrated,  totally  immersed,  with 

THE  AID  OF  THE  NBS  CERT  1 F I CD  THERMOMETER, 

wjsss^s&umim 

The  air  pressure  gages  (see  Figure  5,  pace  32)  used  to  preset  the 

DESIRED  CONSTANT  PRESSURE  TO  THE  FORMING  EQUIPMENT  WERE  CALIBRATED  AGAINST 
A PRECISION  TYPE  PRESSURE  GAGE,  THE  PRESSURE  INDICATORS  AND  THE  PRESSURE 
RECORDER  WERE  CALIBRATED  FOR  BOTH  THE  0 TO  10  F5IG.  AND  THE  0 TO  100"  MERCURY 
RANGE  IN  ACCORDANCE  WITH  REFERENCES  12  AND  1j, 
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AFTR  COMPLETION  OF  THE  TESTS  TO  OBTAIN  THE  MODULUS  OF  ELASTICITY  OF 
THE  PLASTICS  AT  HIGH  TEMPERATURE,  THE  EXPERIMENTAL  OVEN  WAS  REVISED  BY  ADDING 
THE  A ! R-CONTP.OL  AND  INDICATING  SYSTEMS  AND  THE  MOTION  TRANSMUTING  SYSTEM 

shown  in  Figures  2,  5 and  7.  The  temperature  recording  pen  was  calibrated 


EVERY  10°C„  FROM  70  TO  160°C.  AGAINST  ONE  OF  THE  CALIBRATED  THERMOMETERS.  ThE 
MOTION  TRANSMITTING  SYSTEM  AND  RECORDING  PEN  WERE  CALIBRATED  AGAINST  MEASURED 
MOVEMENTS  Or  THE  MOTION  TRANSMITTING  CASLc  (F I CURE  ?|b 
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Specimens  were  cut  from  the  1/8"  and  1/4"  thick  i»lastic  sheets  to  provide 
l/8"  OR  1/4*'  x 1/2”  X 5M  SECTIONS  FOR  FLEXURAL  DEFORMATION  TESTS  • THE  LONS 
EDGES  OF  THESE  P'ECES  WERE  MILLED  SMOOTH,  TfO  SECTIONS  OF  THE  0.150*  THICK 
VINYL  BASE  PLASTIC  WERE  STACKED  TOGETHER  TO  PROVIDE  ONE  TEST  SPECIMEN. 

Numerous  0.125*'  x r x 15"  specimens  of  Plexiglas  were  prepared  for  the 

HIGH  TEMPERATURE  MODULUS  OF  ELASTICITY  TEST  BY  HAND  SCRAPING  THE  SAWED  EDGES. 
Gage  marks  were  placed  approximately  12*  apart  and  perpendicular  to  the  LONS 
AXIS  ON  ONE  SURFACE  OF  THE  SPECIMEN  USING  AN  ACRYLIC  BA8E  WHITE  PAINT  IN  A 
RULING  PEN  (SEE  FIGURE  2)*  SIMILAR  SPECIMENS  OF  VINYL  AND  ACETATE 

3 Ai.  PLASTICS  WERE  PREPARED.  INASMUCH  AS  THE  ALLYL  BASE  PLASTIC  SHEETS  WERE 
12*  X 12",  IT  WAS  NECESSARY  TO  USE  0.125"  S 1"  X 12”  SPECIMENS,  BUT  OTHER- 
WISE THE  PROCEDURE  WAS  THE  SAME, 

Specimens  of  every  available  thickness  of  each  of  the  plastic  materials 

WERE  PUT  TO  APPROXIMATELY  12*  DIAMETER  DISCS  OR  11"  SQUARES  AND  WERE  IDENTIFIED 
BY  SCRIBING  NEAR  THE  EDGE.  ONE  0,125"  X 7"  DIAMETER  AND  ONE  0,125”  X 6" 
DIAMETER  DISC  WERE  PREPARED  FROM  THE  ALLYL  BASE  PLASTIC  SHEETS, 

Several  1-1/2"  x 12"  specimens  of  allyl  plastic  were  prepared  fop  ail 

THICKNE8SE8  OF  THIS  MATERIAL,  The  EDGES  OF  THESE  SPECIMENS  WERE  VERY  CARE- 
rULLY  SMOOTHED  AND  BEVELED  TO  ELIMINATE  MINOR  EDGE  FRACTURES. 


SECTION  V 

CONDUCT  OF  TEST 

The  measured  width  and  thickness  of  the  milled  flexural  deformation 

SPECIMENS  WERE  USED  TO  CALCULATE  THE  DESIRED  LOAD  TO  BE  USED  ON  THE  APPARA- 
TUS DESCRIBED  <v  «fkfrfucf  10.  A CURVE  Of  DEFLECTION  VS.  BATH  TEMPERATURE 
WAS  THEN  OBTAINED  AS  THE  BATH  TEMPERATURE  RAISED  AT  A RATE  OF  2°C,/ 

MINUTE.  Each  SPECIMEN  WAS  TESTED  WITH  the  l/2"  long  lxis  parallel  to  the 
DIRECTION  of  LOAD  (THE  SPECIMEN  RESTED  OH  ONE  LONG  MILLED  EDGE) , ONLY  ONE 
SPECIMEN  WAS  T£SV£D  PER  STRESS. 
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SECTION  VI 


CONDUCT  OF  TEST 

MODULUS  Of  OCTC1XY 

The  thickness  or  each  specimen  was  measured  once  and  the  width  was 
MEASURED  AT  THREE  LOCATIONS  TO  THE  NEAREST  0,001",  WITH  A BENCH  MICROMETER 
EQUIPPED  WITH  A 0 TO  1"  FEDERAL  DIAL  GAGE,  THE  AVERAGE  OP  THE  WIDTH  MEASURE- 
MENTS AND  THE  SINGLE  THICKNESS  MEASUREMENT  WERE  USED  TO  CALCULATE  THE  LOAD 
REQUIRED  TO  PRODUCE  THE  DESIRED  STRESS,  THE  LOWER  TENSILE  GRIP,  THE  BOTTOM 
SUPPORTING  DISC  AND  SUFFICIENT  LEAD  WEIGHTS  WERE  THEN  WE  I GHOS  TO  PRODUCE  THE 
REQUIRED  LOAD,  THE  SUPPORTING  DISC  AND  LEAD  WEIGHTS  WERE  THEN  PLACED  IN  PRO- 
PER SEQUENCE  ON  THE  MOVABLE  PLATFORM  BELOW  THE  OVEN  CAVITY  FLOOR  (FIGURE  2l* 

The  upper  a;,d  lower  tensile  grips  were  placed  on  each  of  five  1" 

X 15"  SPECIMENS, 

Three  calibrated  thermometers  were  hung  in  the  oven  in  the  plane  of  the 
SPECIMENS,  The  EXPERIMENTAL  OVEN  WAS  MAINTAINED  AT  A CONSTANT  TEMFlRATURE 
UNTIL  EQUILIBRIUM  CONDITIONS  WERE  ESTABLISHED, 

The  Bolex  camera,  loaded  with  microcopy  film,  was  placed  on  the  ikipou, 

ALIGNED  AND  FOCUSSED  ON  THE  PLANE  OF  THE  SPECIMENS  WITHIN  THE  OVEN.  THE 
MIRROR  AND  TIMER  WERE  ADJUSTED  SO  THAT  THE  TIMER  NUMERALS  WOULD  BE  RECORDED 
ON  THE  NEGATIVE, 

The  OVEN  BLOWER  WAS  TURNED  OFF,  THE  DOOR  OPENED  AND  THE  5 SPECIMENS  AND 
GRIPS  WERE  PLACED  IN  THE  OVEN  BY  THREADING  THE  RODS  OH  EACH  GRIP  THROUGH  THE 
PROPER  HOLE  IN  THE  FLOOR  AND  TOP  OF  THE  OVEN.  WlNG  NUTS  WERE  SCREWED  ON  THE 
UPPER  RODS  TO  SUPPORT  THE  SPECIMENS  IN  THE  OVEN.  THE  OVEN  DOOR  WAS  CLOSED 
IMMEDIATELY  AND  THE  BLOWER  3TARTED, 


TMt  ROD  ON  EACH  LOWER  TENSILE  GRIP  WAS  COUPLED  TO  THE  PROPER  SUPPORTING 
DISC,  TAKING  CARE  NOT  TO  STRETCH  THE  SPECIMEN  IN  THE  OVEN.  APPROX imatELY  25 
MINUTES  AFTER  THE  OVEN  REGAINED  T CLTL'RATURt  EQUILIBRIUM  (OR  45  MINUTES  FROM 
CLOSING  THE  DOOR)  THE  WING  NUTS  SUPPORTING  THE  SPECIMENS  WERE  CAREFULLY 
TIGHTENED  ON  TOP  OF  THE  OVEN  TO  MAKE  THE  SPECIMEN  TAUT  >V  i 7 11  OUT  STRETCH ! NG. 

The  lights  within  the  oven  were  turned  on  and  several  single  frame  pictures 

WERE  MADE  OF  A PLACARD  DESCRIBING  THE  TEST.  The  PLACARD  WAS  REMOVED  AND  THE 
ORIGINAL  LENGTH  OF  THE  SPECIMENS  WAS  RECORDED  ON  THE  FILM,  THE  STRING  WAS 
PULLED  TO  COLLAPSE  THE  M0VA3LE  PLATFORM  BELOW  THE  OVEN,  THUS  APPLYING  THE 
LOADS  AND  SIMULTANEOUSLY  STARTING  THE  TIMER.  SlNGLE  FRAME  PICTURES  WERE  MADE 
AT  APPROPRIATE  INTERVALS  AS  THE  SPECIMENS  ELONGATED. 

After  the  negative  was  developed,  the  image  was  projected  through  -»ke 
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16  MM«  PROJECT'IR  AT  A MAGNIFICATION  OF  1 TO  l-l/c.  THE  PROJECTED  LENGTH  OF 
EACH  SPECIMEN  AT  ZERO  TIME  WAS  RECORDED,,  The  PROJECTED  LENGTH  AT  PERIODIC 

INTERVALS  AFTER  LOADING  WAS  ALSO  RECORDED.  The  TIMER  iN  THE  FIELD  OF  VIEW 
OF  THE  CAMERA  PROVIDED  AN  ACCURATE  TIME  SCALE.  THUS,  THE  STRAIN  AT  ANY  TIME 
COULD  BE  CALCULATED  BY  DIVIDING  THE  CHANGE  IN  LENGTH  BY  THE  ORIGINAL  SPECIMEN 
LENGTH.  From  THIS  CALCULATION  the  modulus  of  ELASTICITY  AT  TIME  c 2,0  SECONDS 
WAS  DETERMINED  BY: 


e3o  * <’ + STB*,N  iT  30  SECOms) 

Where  = Modulus  of  elasticity  in  tension,  30  seconds 

AFTER  LOAD  APPLICATION. 

Initial  Stress  «=■  stress  based  on  original  cross  section 

Strain  = ( q^^length41”-*  ”-2EiES 


The  TERM  IN  THE  PARENTHESIS  IS  INTENDED  TO  APPROXIMATELY  CORRECT  TO  THE  TRUE 
STRES3  AT  30  SECONDS  AND  IS  BASED  ON  THE  ASSUMPTION  THAT  THE  CROSS  SECTION 
OF  THE  SPECIMEN  DECREASES  PROPORTIONALLY  WITH  THE  INCREASE  OF  STRAIN.  NO 
ATTEMPT  WAS  MADE  TO  INCLUDE  POISSON'S  RATIO  IN  THE  CORRECTION. 


IMIS  PROCEDURE  WAS  REPEATED  AT  SEVERAL  TEMPERATURES  FOR  TMfc  OfHbH  TYPES 
OF  PLASTICS  TO  PROVIDE  DATA  FOR  A MODULUS  OF  ELASTICITY  VS.  TEMPERATURE  GRAPH. 

This  graph  was  used  as  a basis  for  choosing  the  oven  temperature  for  the 

FORMING  TESTS,, 


SECTION  VI! 


CONDUCT  OF  TEST 


mEIGAUX^-EgBMINS 

Plexiglas  1 1 of  a nominal  thickness  or  1/8“  was  used  during  the  initial 

TESTS  OF  THE  BLOW  FORMING  UiG.  The  OVEN  WAS  MAINTAINED  AT  A CONSTANT  TEMPERA- 
TURE OF  135^-*  ?5  • i ) UNTIL  THE  »w  trp  ovpn.  as  we  LI  fUE  OVFW  ITSFI.F 

WERE  IN  F.TJU ! L ! 3R ! L’M«  THE  OVEN  BLOWER  WAS  STOPPED,  THE  DOOR  OPENED  AND  TWO  OF 

the  "C"  Clamps  hinged  to  the  top  ring  of  the  fixture  were  raised.  The  front 

SPRING  w*S  TEMPORARILY  REMOVED  (SEE  FIGURE  7)«  TkE  SPECIMEN  WAS 

THEN  CLIPPED  TO  THE  FLANGE  CM  THE  PERIPHERY  OF  THE  TOP  RING  WITH  THE  AID  OF 
4 SPRING-LOADED  PAPER  CLAMPS.  THE  ”C"  CLAMPS  WERE  LOWERED,  THE  FIXTURE  WAS 
CENTERED  UNDER  THE  MOTION  TRANSMITTING  CABLE,  THE  DOOR  WAS  CLOSED  AND  THE 
OVEN  BLOWER  STARTED. 
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The  time  or  INSERTION  Of  THE  1/6"  TKiCK  SPECIMEN  IN  THE  OVEN  WAS  NOTED 
CM  THE  CHART  OF  THE  T HP EE “PEN  RECORDER.  MhEN  NECESSARY,  THE  CONOFLOW  PRESSURE 
REGULATOR  WAS  PRESET  WITH  THE  AID  OF  ONE  OF  THE  PRESSURE  GAGES  SHOWN  »N 

Figure  5)  without  delivering  air  to  the  forming  fixture  by  temporarily 

CONNECTING  TOGETHER  THE  INLET  AND  OUTLET  LINES  TO  THE  FIXTURE*  AFTER  15 
MINUTES  OF  HEATING,  THE  SPECIMEN  HAD  SAGGED  TO  THE  BOTTOM  PLATE.  THE  AIR 
CLAMPS  WERE  TURNED  ON  AND  THE  ZERO  ADJUSTMENT  WAS  MADE  IN  THE  MOTION  TRANS- 
MITTING CABLE. 80  THAT  THE  MOTION  RECORDING  PEN  INDICATED  ZERO  AS  THE  CABLE 
WEIGHT  RESTED  ON  THE  TOP  CENTER  OF  THE  SPECIMEN. 

The  SWITCH  WAS  turned  on  to  start  the  recorder  and  to  OPEN  THE  SOLENOID 
VALVE  TO  DELIVER  AIR  FROM  THE  ACCUMULATOR  AND  SUPPLY  LINE  TO  THE  SPACE  BELOW 
THE  TEST  SPEC IMEN.  THE  SEPARATE  AIR  LINE  BETWEEN  THIS  SPACE  AND  THE  PRESSURE 
INDICATOR  AND  RECORDER  TRANSMITTED  THE  PRES8URE  INCREASE  IN  THE  JIG  TO  THESE 
INSTRUMENTS.  THUS,  A RECORD  OF  AIR  PRESSURE  USED  TO  BLOW  THE  DOME,  OVEN 
TEMPERATURE  AND  THE  DEFLECTION  OF  THE  APEX  OF  THE  DOME  WERE  RECORDED  VS.  TIME. 

Occasionally,  minor  adjustments  in  the  air  pressure  were  necessary  during  the 

FIRST  MINUTE  OF  THE  FORMING  OPERATION. 

Numerous  similar  tests  were  made  with  Plexiglas  II  to  establish  the 

C0N3TANT  AIR  PRESSURE  REQUIRED  TO  PRODUCE  A DEFLECTION  OF  APPROX IMATELY  4" 

OF  THE  APES  OF  A TEST  CFEC  !«£.*.'  OF  A TKICKKESS  OF  0.110"  (Twf  MIMIMUM  PER- 
MITTED FOR  NOMINAL  0.125"  THICK  PLEXIGLAS  N SY  REFERENCE  3).  To  IESI  THE 
VALIDITY  OF  THE  RESULTS,  SPECIMENS  OF  COMMERCIALLY  AVAILABLE  MATERIAL  OF 
THICKNESSES  OTHER  THAN  THOSE  PERMITTED  BY  REFERENCE  3 WERE  TESTED.  THESE  TESTS 
ALSO  SERVED  TO  ESTABLISH  THE  REPRODUCIBILITY  OF  TEST  RESULTS  AND  TO  PROVIDE 
DATA  ON  THE  EFFECT  OF  PROLONGED  (30-45  MINUTES)  HEATING  ON  THE  DEFLECTION 
OF  THE  DOME. 

Similar  tests  at  135°C.  (2?5°F.)  with  appropriate  preheating  times  were 
MADE  OF  0.06G%  0.250",  0.500"  THICK  PLEXIGLAS  II,  ALL  PERTINENT  THICKNESSES 
of  Plexiglas  i-A  and  of  the  0.250"  thick  Lucite.  Unfortunately,  material  of 

SUFFICIENTLY  DIFFERENT  THICKNESS  WAS  NOT  AVAILABLE  TO  PERMIT  AN  EXHAUSTIVE 
STUDY  OF  THE  0.500"  THICK  PLEX I GL A8  IN  A MANNER  SIMILAR  TO  THAT  DESCRIBED  FOR 
0,1?5"  THICK  MATERIAL. 

In  general,  the  test  specimens  were  permitted  to  return  to  the  flat  state 

AFTER  THE  RECORD  WAS  OBTAINED,  IN  SOME  FEW  CASES,  THE  FORMING  FIXTURE  WAS 
REMOVED  FROM  THE  OVEN,  CONNECTED  TO  THE  AIR  LINES  WITH  RUBBER  HOSES  AND  THE 
DOME  REBLOWN  AND  COOLED  AS  EXHIBITS. 

ViNYLITE  CONFORMING  TO  REFERENCE  5 WAS  SIMILARLY  TESTED  AT  1 35°C - (275°^*)* 

The  surface  of  the  specimen  became  roughened  as  if  it  were  unmolding  and  the 

OVEN  TEMPERATURE  WAS  LOWERED  TO  86°C»  (l8?°P.}«  TESTS  WERE  CONDUCTED  ON  THE 
CUObO",  0.125"  AND  0.150"  THICK  MATERIAL  TO  DETERMINE  THE  AIR  PRESSURES  RE- 
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Ql'IPEI!  TO  PRODUCE  APPROXIMATELY  A 4"  DEFLECTION. 

$|M;LAR  TESTS  AT  135^0  (275°F»)  WERE  MADE  WITH  the  0.1251*  AND  0*250" 
THICK  ACETATE  SHEETS,  WHITENING  AND  CRACKING  OF  THESE  MATERIALS  WERE  OBSERVED 
AND  THE  TEST  TEMPERATURE  «A®  CHANGED  TO  11«+^C.  (237°r.).  At  THAT  TEMPERATURE, 
SPHERICAL  FORMING  TESTS  WERE  CONDUCTED  ON  THE  0.060",  0.125"  AND  0*250"  THICK 
SHEETING  TO  DETERMINE  THE  AIR  PRESSURES  REQUIRED  TO  PRODUCE  CLEAR,  SPHERICAL 
SECTIONS  OF  MAXIMUM  HEIGHT.  ThE  POSSIBLE  HEIGHT  WAS  LIMITED  BY  THE  TENDENCY 
OF  THE  MATERIAL  TC  WHITEN. 


During  attempts  to  make  moduli*  of  elasticity  tests,  it  was  determined 
THAT  THE  ALLYL  BASE  RESIN  COULD  NOT  BE  HEATED  AND  GRIPPED  WITHOUT  FRACTURING. 

Consequently  an  attempt  was  made  to  "blow-form"  the  hmterial  while  enclosed 
IN  PROTECTIVE  RUB8ER  SHEETS.  A 0,125"  X 7"  DIAMETER  DISC  OF  THIS  MATERIAL 
WAS  HEATED  FOR  15  MINUTES  AT  135*^0.  (275°F.)  IN  THE  EXPERIMENTAL  OVEN  TOGETHER 
WiTH  A THIN  10"  X 20"  RUBBER  SHEET.  ThE  OVEN  DOOR  WAS  THEN  OPENED  AND  THE 
DISC  QUICKLY  COVERED  ON  BOTH  SIDES  WITH  THE  RUBBER  SHEET.  THIS  SANDWICH  WAS 
CENTERED  IN  THE  FORMING  FIXTURE  SO  THAT  THE  CLAMPING  RING  WOULD  ENGAGE  THE 
DOUBLED  RUBBER  ONLY.  An  ADDITIONAL  HEATING  PERIOD  OF  20  MINUTES  WAS  USED. 

The  clamping  ring  was  lowered  and  the  forming  air  and  recorder  turnf.d  on. 
Continuous  observation  of  the  specimen  and  manual  adjustment  of  the  air 

PRESSURE  **3  (wAinTAiHED.  T^>£  FRCCGUnE  WAG  iKLREASED  SLOWLY  FRCrMt  ZERO  UNTIL 
A SUDDEN  MOVEMENT  OF  7 HE  SANDWICH  AND  A SHARP  CHANGE  IN  MOTION  RECORD  IN- 
DICATED FRACTURE  OF  THE  ALLYL  HAD  OCCURRED.  ThE  0.125"  X 6"  DIAMETER  DISC 
WAS  SIMILARLY  TREATED  EXCEPT  THAT  THE  AIR  PRESSURE  WAS  RAISED  MORE  SLOWlY 
FROM  ZERO.  THE  TOTAL  TIME  TO  ATTAIN  A FRES8UHE  OF  0.5  PS  I . WAS  5 MINUTES. 


SECT  I ON  Vi  I * 

CONDUCT  OF  TEST 

Several  0,125"  x 1-1/2"  x 12"  specimens  of  the  allyl  base  plastic  were 

HEATED  TO  130^.  (266°F.)  FOR  15  MINUTES » REMOVED  FROM  THE  OVEN  TO  A FLOCKED- 
RU80ER  COVERED  CYLINDER  Of  3,1"  RADIUS  OF  CURVATURE  AND  ATTEMPTS  WERE  MADE  TO 
3 LOWLY  MANUALLY  BEND  THESE  BEAMS  OVER  THE  FORM, 

A FORM,  MADE  OF  TWO  HALF  DISCS  OF  PLYWOOD  CUT  TO  A RADIUS  OF  3.1"  AND 
PARTIALLY  COVERED  WiTH  A 6"  WIDE  STRIP  OF  THiN  STEEL,  WAS  PLACED  IN  THE  OVEN 

fV  A 

AT  130  C,  (266  F.)  WITH  THE  FLAT,  OPEN  SIDE  UP,  AFTER  EQUILIBRIUM  WAS 
ESTABLISHED  ONE  OF  THE  0.125”  THICK  SPECIMENS  OF  ALLYL  BASE  PLASTIC  WAS  PLACED 
l H TH i 3 FEMALE  FORM  AND  LIGHTLY  AND  UNIFORMLY  LOADED  WITH  A HEATED  SANDBAG. 

AmR  6684  10 


Observation’  or  the  deformation  or  the  seam  was  maintained. 

Similar  0.250"  and  0.50c"  thick  specimens  were  heated  for  appropriate 
TIMES  AT  177^0.  (350°F.),  removed  from  the  oven  and  bent  over  flocked- 

RUBBER  COVERED  FORMS  OF  APPROPRIATE  RADIUS. 

The  oven  temperature  was  then  reduced  to  95°C.  (203°F.),  several  of  the 

0.125"  THICK  SPECIMENS  OF  THIS  PLASTIC  WERE  HEATED  15  MINUTES,  REMOVED  AND 
SLOWLY  MANUALLY  FORMED  OVER  A CYLINDER  OF  3.1"  RADIUS,  SIMILARLY,  0.060H, 
0.250"  AND  0.500"  THICK  BEAMS  WERE  FORMED  OVER  CYLINDERS  OF  1.5"»  6.3”  AND 
12.5”  RAD! I , RESPECTIVELY.  The  RADII  OF  CURVATURE  OF  THE  RESPECTIVE  FORM8 
WERE  CALCULATED  TO  PRODUCE  2%  STRAIN  AT  THE  SURFACE  OF  EACH  OF  THE  BEAMS. 


SECTION  IX 
CONDUCT  OF  TEST 


i 


i 

| 
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omo^bzuE&vmms. 

Luminous  transmittance  and  haze  measurements  (see  Reference  1)  were  made 

AT  THE  APEX  Or  ONE  Srntn  >CmL  SLOT i On  FOkMEu  Fhum  mun  HHEsOHioto  uhiuinal 
THICKNESS  OF  ALL  PLASTIC  MATERIALS  AND  ON  THE  PARTIAL  CYLINDERS  OF  THE  FOUR 
THICKNESSES  OF  ALLYL  BASE  PLASTIC.  SIMILAR  MEASUREMENTS  WERE  MADE  OF  THE  FLAT 
SHEET  STOCK  OF  EACH  MATERIAL, 


SECTION  X 
RESULTS 

Figures  8 to  16,  inclusive  (pages  35  to  43),  show  the  flexural  deformation 
VC.  TEMPERATURE  at  VARIOUS  applied  stresses  for  composite  (two  l/8"  X l/2"  X 
5")  AND  SOLID  (l/4"  X 1/2"  X 5")  SPECIMENS  OF  THE  VARIOUS  PLASTIC  MATERIALS. 

The  tests  were  made  in  accordance  with  Reference  10  except  as  noted  on  the 

GRAPHS.  j NASMtjr.U  AR  TMP  TPUPFR  iTHRr  AT  WU  f PM  A FLE  Y.'JRAL  DEFORMATION  OF  10 
MILS  OCCURS  IS  DEFINED  AS  THE  HEAT  D I STORT ! ON  TEMPERATURE  (REFERENCE  10), 

THIS  TEMPERATURE  WAS  PLOTTED  AGAINST  THE  APPLIED  STRESS  IN  FIGURE  17,  PAGE  44. 

Figure  18  shows  the  modulus  of  elasticity  in  tension  or  0,125" 

THICK  PLASTIC  SPECIMENS  AT  CONSTANT  TEMPERATURE  THIRTY  SECONDS  AFTER  A LOAD 

w as  applied.  Appreciable  elongation  (approximately  10$)  of  the  cellulo3E 
acetate  ( Lumar i I m)  was  «u;ED  prior  to  stretching,  apparently  due  to  the  weight 
OF  THE  specimen  itself. 
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Tub  thirty  second  modulus  of  elasticity  of  the  Homalite  CR-39  (allyl 

0MSE  PLASTIC,  AF1204C)  COULD  NOT  EE  DETERMINED.  Th£  SPECIMENS  TORE  AT  THE 
CLAMPS  AS  THE  LOAD  WAS  APPLIED. 

Figures  19  to  26,  inclusive,  sho w the  apex  -eight  attained 

BY  ACRYLIC  SPECIMENS  WHEN  BLOWN  INTO  SPHERICAL  SECTIONS  THROUGH  AN  8"  DIAMETER 
RING  BY  CONSTANT  AIR  PRESSURE  AT  135°C.  (275°F.)  FORMING  TEMPERATURE.  The 
DEFLECTIONS  NOTED  ON  THE  GRAPHS  WERE  TAKEN  FROM  THE  RECORDED  DEFLECTIONS  AT 
AN  ARBITRARY  ELAPSED  TIME  OF  THREE  MINUTES  AFTER  THE  APPLICATION  OF  THE  AIR 
PRE8SURE.  At  THIS  TIME,  THE  TIFT  RATE  OF  CHANGE  OF  DEFLECTION  MAD  BECOME 
APPROXIMATELY  CONSTANT.  A RAPID  TIME  RATE  OF  CHANGE  OF  DEFLECTION  OF  THE 
ACRYLIC  SPECIMENS  WAS  NOTED  WHEN  THE  DEFLECTION  AT  3 MINUTES  WAS  APPROXIMATE- 
LY 1CX#  OF  A HEMISPHERE  OR  4".  APPARENTLY  THE  GREATER  CREEP  RATE  OF  THIS 
MATERIAL  AT  HIGH  DEFLECTIONS  IS  DUE  TO  THE  HIGH  STRESSES  PRODUCED  BY  THINNING 
AT  THE  APEX. 

The  effect  on  l/8"  thick  Plexiglas  l-A  of  slowly  increasing  the  internal 

PRESSURE  IS  SHOWN  ON  FIGURE  34. 

When  similarly  tested,,  the  few  specimens  of  Lucite  HC202  and  HC212 
(Figure  23,j  deformed  to  the  3ame  extent  as  Plexiglas  il. 

Figures  27  and  28,  page  50,  show  the  test  results  on  spherical  sections 

FORMED  FROM  THE  AVAILABLE  THICKNESSES  OF  VlNYLITE  AT  A CONSTANT  TEMPERATURE 
OF  86^C.  (187°F.)  AND  CONSTANT  PRF8SURE. 

Figures  29  to  32,  inclusive,  show  the  results  of 

SIMILAR  TESTS  ON  THE  ACETATE  BA3E  SHEETS.  LUMARITH  WAS  OBSERVED  TO  BECOME 
WHITE  OR  FROSTY  DURING  FORMING.  This  DEFECT  STARTED  AT  THE  APEX,  BUT  SPREAD 
OVER  THE  SURFACE  WITH  A TENDENCY  TOWARD  PARALLEL  STRIATIONS,  PLASTACELE  WAS 
OBSERVED  TO  FISSURE  OR  CRACK,  GENERALLY  IN  PARALLEL  LINES.  To  REDUCE  WHITEN- 
ING OF  THE  lUMAKITH  OR  TEARING  CF  THE  PLASTACELE,  IT  WAS  NECESSARY  TO  LIMIT 
THE  MAXIMUM  HEIGHTS  OF  THE  DOMES  TO  APPROX IMATELY  60  TO  70%  OF  A HEMISPHERI- 
CAL section.  Even  when  the  oven  was  maintained  at  a temperature  of  114°C. 
(237°F.)t  >T  WAS  EVIDENT,  BY  THE  ODOR,  THAT  THE  PLASTICIZER  WAS  BEING  DRIVEN 
FROM  THE  TEST  SPECIMENS.  !n  THE  CASE  OF  L If  MAR  I TH  THE  ODOR  WAS  VERY  STRONG. 

The  EFFECT  OF  HEATING  TIME  IS  SHOWN  ON  FIGURE  33,  PAGE  53, 

The  forming  tests  on  acetate  sheets  at  135°C.  (275°F.),  and  at  114^0. 
(237~F.)  DO  NOT  CORRELATE  WITH  THE  MODULUS  OF  ELASTICITY  MEASUREMENTS,  ThE 
AIR  PRESSURES  REQUIRED  TO  FORM  HEMISPHERES  AT  THESE  TEMPERATURES  DO  NOT 
APPROXIMATE  THOSE  TC  BE  EXPECTED  FROM  THE  MODULUS  MEASUREMENTS  OR  THE  RESULTS 
OBTAINED  FROM  THE  ACRYLIC  AND  VINYL  SPECIMENS,  !t  WAS  OBSERVED  THAT  INCREAS- 
ING THE  DEFORMING  AIR  PRESSURE  DID  NOT  PRODUCE  A CORRESPOND  I NG  INCREASE  OF 
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DEFLECTION  ALTHOUGH  THE  MATERIAL  WAS  BLOWN  TO  A HEMISPHERE  AND  HELD  AT  A 
CONSTANT  TEMPERATURE.  It  APFEARS  THAT  THIS  MATE**!*'.  REACHES  A LIMIT  OF 
EXTENSIBILITY  AT  APPROX IMATELY  THE  HEMISPHERICAL  SHAPE,  The  RESULTS  OF  ! N“ 
CREASING  THE  FORMING  AIR  PRESSURE  ON  A 0.135"  THICK  ACETATE  SHEET  ARE  SHOWN 
on  Figure  34, 

IT  WAS  03SERVED  THAT  THE  ACRYLIC  AND  VINYL  SPECIMENS  WOULD  RETURN 
APPROXIMATELY  TO  THE  FLAT  SHEET  STATE  WHEN  THE  DEFORMING  AIR  PRESSURE  WAS 

removed.  However,  reducing  the  air  pressure  to  zero  under  acetate  domes 

PRODUCED  LITTLE  CHANGE  OF  HEIGHT.  THIS  MATERIAL  APPARENTLY  HAS  LITTLE 
ELASTIC  MEMORY  OR  TENDENCY  TO  FLATTEN. 


The  RELATION  BETWEEN  FORMING  PRESSURE  AND  ORIGINAL  THICKNESS  OF  THE 
SPHERICALLY  FORMED  ACRYLIC  AND  VINYL  SPECIMENS  IS  SHOWN  IN  FIGURE  35* 

This  graph  was  made  by  plotting  the  pressures  used  during  fotmng  each 

MATERIAL  VS.  NOMINAL  THICKNESS.  THUS,  THIS  GRAPH  SHOWS  THE  PRESSURE  REQUIRED 
TO  PRODUCE  APPROXIMATELY  8"  DIAMETER  HEMISPHERES  AT  THE  INDICATED  TEMPERA- 
TURES, THREE  MINUTES  AFTER  APPLICATION  OF  PRESSURE,  FOR  VARIOUS  THICKNESSE8 
OF  PLASTIC  SHEET. 

During  the  attempt  to  spherically  form  the  0.125"  x 7"  diameter  disc  of 
HOMALITE  CR-39  IN  THE  RUBBER  BLANKET,  THE  DEFLECTION  WAS  NEGLIGIBLE  UNTIL 
FRACTURE.  Tmf  RUBBER  BLANKET  SURROUNDING  THE  0.125"  X 6"  DIAMETER  DISC  OF 
HOMALITE  CR-3S  DEFLECTED  approximately  3/8"  BY  stretching  BETWEEN  the  edge 
OF  THE  DISC  AND  THE  CLAMPING  RING  OF  THE  SPHERICAL  FORMING  FIXTURE.  ThE 
PLASTIC  DISC  ITSELF  APPEARED  TO  HAVE  DEFORMED  INTO  A SPHERICAL  SECTION  OF 
APPROXIMATELY  0.1"  HEIGHT  PH<OR  TO  FRACTURE. 

The  0.125"  x 1-1/2"  x 12"  beams  of  Homalite  CR-39  heated  to  130°C. 
(266°F.)  broke  during  manual  forming  over  the  male  cylindrical  form  of  3.1” 

RADIUS  AND  WHEN  UNIFORMLY  LOADED  IN  A FEMALE  CYLINDRICAL  ,'ORM  OF  THE  SAME 
RADIUS. 


Ike  THERMALLY  INDUCED  STRESSES  IN’ THE  0.250"  AND  0.500"  THICK  HOMALITE 
BEAMS  DURING  HEATING  70  OR  COOLING  FROM  177  C,  (350  F.)  WERE  SUFFICIENT  TO 
PRODUCE  FRACTURE  OF  THE  MATERIAL  WITHOUT  APPLICATION  OF  EXTERNAL  LOAD. 
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AMD  0.500"  THICK  HOMfl.  IT?  OR-RC 


BEAMS  AT  95°C.  (203°F.)  IT  WAS  POSSIBLE  TO  REMOVE  THE  MATERIAL  FROM  THE  PRE- 
HEATING OVEN  AND  FORM  PARTIAL  CYLINDERS  OVER  THE  RESPECTIVE  1.5",  3.1",  6.3” 
AND  12.5"  RADIUS  CYLINDRICAL  FORMS.  THE  SUCCESS  OF  THIS  FORMING  OPERATION 
APPEARS  70  BE  DEPENDENT  ON  THE  SMOOTHNESS  OF  THE  SURFACE  AND  EDGE  FINISH  OF 
THE  BEAM  AND  ON  AN  EXTREMELY  SLOW  APPLICATION  OF  DEFORMING  LOAD.  VISUAL 
OBSERVATION  OF  THE  COOLED,  C Yt. ! NDR I CALLY  FORMED  ALLYL  SPEC  IMENS  SHOWED  THAT 
LITTLE  OR  NO  DISTORTION  OP.  HAZE  RESULTED  FROM  THE  FORMING  OPERATION. 
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The  result:  •: 
ENCE  11)  FOR  AU. 


UMKSUS .I6^in^?££a^ ^&£.S3~x^  :js 

(Measurements  Made  ',?'  Acc»RDiU«i  ■*•'.» 

A.S.T.M.  KfernoD  Dt?2-ti5T) 


SPEC IMEN  TYPE 

AVERAGE  CtfVTER  THICKNESS 
OF  MATERIAL  PRIOR  TO  FORMING 
( Inches) ...  ... 

TRANS 

TOTAL 

(i) 

MITTANSE 

PARALLEL 

(i) 

Plexiglas  1 -A  Domes 

0.062 

93 

92 

.120 

93 

91 

.245 

93 

91 

.505 

93 

91 

Plexiglas  1 Domes 

0.057 

93 

91 

.116 

93 

90 

.246 

93 

91 

.451 

93 

91 

V inyute  Domes 

0.061 

87 

84 

.135 

80 

77 

*156 

78 

76 

Acetate  Domes 

0.061 

90 

85 

*12t 

8? 

82 

.250 

nc 

i w 

Homaute  Cylinders 

0.125 

93 

92 

.245 

93 

91 

.508 

92 

90 

Plexiglas  Flat  Sheet 

0.503 

92 

90 

V inylite  Flat  Sheet 

.154 

74 

71 

Acetate  Fiat  Sheet 

.244 

67 

80 

Homalite  Flat  Sheet 

.483 

91 

89 

SECT ICW  X! 

DISCUSSION  OF  RESULTS 

!£4IJlL§IQBim 

The  maximum  proaablc  error  of  the  Heat  Distortion  Temperature  measure- 
MENTS  IS  OF  THE  ORDER  OF  + 3°C  . (5°F.)» 
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WEASUREMFNTS  made  with  the  micrometer  eyepiece  of  the  microscope  of  the 

t FNS  RESOLUTION  CHART  IMAGES  ON  THE  16  MM*  NEGATIVES  SHOW  THAT  ANY  LINEAR 
DISTORTION  OF  THE  LENS-FI LM-DEVELOPING  SYSTEM  IS  LESS  THAN  THE  PROBABLE  ERROR 
OF  LOCATING  THE  CHARTS  PRIOR  TO  PHOTOGRAPHING, 

The  ERROR  OF  MEASURING  THE  CHANGE  OF  LENGTH  OF  THE  PROJECTED  IMAGE  OF  THE 
MODULUS  OF  ELASTICITY  SPECIMENS  IS  APPROXIMATELY  THUS,  THE  CALCULATED 

STRAIN  MAT  3E  IN  ERROR  BY  THIS  AMOUNT.  ThE  LOWER  CLAMPS,  SUPPORT  RODS  AND 
ADDITIONAL  STRESSING  WEIGHTS  WERE  MEASURED  TO  WITHIN  i.0,01  POUND  AND  THE  WIDTH 
AND  THICKNESS.  OF  THE  SPECIMENS  TO +0,001",  THEREFORE,  THE  INITIAL  STRESS  ON 
THE  MODULUS  OF  ELASTICITY  SPECIMENS  MAY  BE  IN  ERROR  BY  +2$.  As  A CONSEQUENCE 
OF  THESE  ERRORS  THE  CALCULATED  MODULUS  OF  ELASTICITY  MAY  BE  IN  ERROR  BY  +.*$, 

Several  tests  with  thermometers  and  the  recording  potentiometer  showed 

THAT  THE  TEMPERATURE  OF  THE  AIR  IN  THE  VERTICAL  CENTER  PLANE  OF  THE  OVEN 
PARALLEL  TO  THE  AIR  STREAM  DROPPED  ONLY  2^C.  (4°r.)  FROM  INLET  TO  OUTLET  OF 
THE  OVEN  CAVITY  AND  THAT  ANY  POINT  WITHIN  THIS  PLANE  WAS  AT  CONSTANT  TEMPERA- 
TURE within  + 1°C.  (2°F).  It  was  also  determined  that  the  recorded  temperature 
OF  THE  oven  cavity  was  WITHIN  0.5^0.  (1°F,)  OF  THE  AIR  temperature  at  the 
2c::rcn  or  tve  cye***  Inasmuch  **  ?p*»atfd  thermometers  were  hung  near  the 

MODULUS  OF  ELASTICITY  SPECIMENS  DURING  IHt  TESTS , THE  TEMPERATURE  OF  ANY 

SPECIMEN  was  known  to  be  within  ♦ 1°C.  (2°F,). 

sai mmixjBmMMMSL 

Tests  showed  that  the  recorded  air  pressure  WAS  WITHIN  +5^  OF  THAT  OF 

A PRECISION  TYPE  GAGE  INSERTED  IN  THE  FORMING  AIR  LiNE,  PROVIDED  THE  LINE  WAS 
SEALED  AGAINST  LEAKS.  iN  PRACTICE  LEAKAGE  SOMETIMES  OCCURRED  AROUND  THE 
PLASTIC  SPECIMEN  WHILE  BEING  FORMED,  BUT  THERE  WAS  NO  FLOW  OF  AIR  IN  THE 
INDEPENDENT  LINE  FROM  THE  ENTRAPPED  AIR  SPACE  TO  THE  RECORDER.  THEREFORE, 

THE  RECORD  WAS  NOT  INFLUENCED  SY  LEAKAGE  AT  THE  DOME.  OBSERVATION  OF  THE 
GAGES  AND  THE  PRESSURE  RECORD  SHOW  THAT  THE  CONOrLOB  REGULATOR  COMBINED  WITH 
FREQUENT  MANUAL  ADJUSTMENT  HELD  THE  FORMING  AIR  PRESSURE  TO  WITHIN  +0,1  PS  I „ 
AND  +0.5  PS  I,  OF  THE  DESIRED  VALUE  FOR  THE  0 TO  10  PS  I , AND  0 TO  52,5  PS  I , 
n A f*  A?  c s>  £ ncCrCCT  I VfcLV  • 

Calibration  of  the  motion  sensing  assembly  showed  that  the  pen  recorded 

THE  MOTION  OF  THE  TRANSMITTING  CABLE  AND  WEIGHT  TO  +l£  OF  THE  4"  MAXIMUM 
HEMISPHERICAL  DOME  HEIGHT,  ThE  ZERO  HEIGHT  OF  THE  CABLE  WAS  SET  PRIOR  TO 
EACH  TEST  TO  WITHIN  +0.04”. 
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The  glproducis i l:ty  or  mt  modulus  of  elasticity  test  results  on 

ACRYLIC  SPECIMENS  IS  £50*  AT  THE  LOWEST  TEST  TEMPERATURE  DUE  PRIMARILY  TO 
THE  RAPID  CHANGE  OF  MODULUS  WITH  MATERIAL  TEMPERATURE*  ThE  REPRODUCIBILITY 
OF  THE  RESULTS  IS  8EST  { APPROX IMATELY  +550  AT  INTERMEDIATE  TEMPERATURE,  At 
THE  HIGHER  TEST  TEMPERATURES  THE  REPRODUCIBILITY  BECOMES  APPROXIMATELY  +?(&. 

IN  THE  CASE  OF  PLEXIGLA8  IS  SOME  OF  THIS  SCATTER  MAY  8£  DUE  TO  THE  TEST  SPECI- 
MENS BEING  TAKEN  FROM  SHEETS  MADE  AT  TWO  DIFFERENT  PRODUCTION  UNITS,  NAMELY 

the  Bristol,  Penna.,  and  Knoxville,  Tenn.,  Plants  of  the  Rohm  ft  Haas  Company, 
The  reproducibility  of  results  of  spherically  forming  acrylic  sheets 

WAS  FOUND  TO  BE  APPROX IMATELY  ±5$  OF  THE  HEMISPHERICAL  HEIGHT  OF  4*  FOR  THE 
SAME  TEMPERATURE,  PRESSURE  AND  THICKNESS  OF  SPECIMEN.  A LACK  OF  REPRODUCI- 
BILITY WAS  NOTED  IF  THE  SAME  SHEET  WAS  FLATTENED  WITHOUT  COOLING,  AND  RE- 
BLOWN,  THE  3SC0ND  DOME  WAS  HIGHER  THAN  THE  FIRST.  CONSEQUENTLY,  NO  DATA 
WERE  TAKEN  ON  8UCH  REBLOWING. 

The  REPRODUCIBILITY  OF  RESULTS  OF  SPHERICALLY  FORMING  VlNYLITE  OF  SIMILAR 
THICKNESS  WAS  NOT  A8  SATISFACTORY*  THE  VARIATION  OF  HEIGHT  WA5  FOUND  TO  BE 
±8$  OF  THE  HEMISPHERICAL  HEIGHT  OF  4* • 


The  RESULTS  OBTAINED  IN  SPHERICALLY  FORMING  CELLULOSE  ACETATE  SHEETING 
AT  1l4°c.  (237°F.)  WERE  RANSOM.  ffct  C tlli  DID  HEATING  TIME  PRIOR  TO  FORMING 
SIGNIFICANTLY  AFFECT  THE  HEIGHT  OF  THE  SECTIOM  (SEE  FIGURE  33,)  BUT 

PRESSURES  DIFFERING  8Y  A FACTOR  OF  l TO  4 PRODUCED  DOMES  OF  APPROX IMATELY  THE 
SAME  HEIGHT  FROM  SHEETS  OF  APPROXIMATELY  THE  SAME  THICKNESS  (SEE  FIGURES  29 
AND  32,  IT  BAS  FOUND  THAT  A PRESSURE  OF  5 PS  I . WOULD  FORM 

A 605C  HEMISPHERE  OF  o.'i  j2K  THICK  LUMARITH  WHEREAS  A PRESSURE  OF  3A  P9 1 • WOULD 

form  a 50^  hemisphere  of  0.130"  thick  Plastacele  (see  Figures  29  and  30) 

This  difference  is  believed  tc  be  due  to  a difference  ih  the  high  temp- 
erature ELONGATION  CHARACTERISTICS  OF  THE  TWO  MATERIALS  CAUSED  SY  A DIFFERENCE 
IN  COMPOSITION  OR  OF  THE  METHOD  OF  MANUFACTURE.  fT  WAS  NOTED  THAT  THESE 
MATERIALS  HAD  A DIFFERENCE  |N  HEAT  DISTORTION  TEMPERATURE. 


The  original  forming  temperature  of  130°C.  (266°F.)  for  allyl  base 

PLASTICS  WAS  USED  AFTER  VERBAL  CONVERSATIONS  WITH  TWO  MANUFACTURERS  OF  TH|8 
MATE®.  I * L . fisrtuSF  nr  tmf  FAIIURF  or  GENTLY.  UNIFORMLY  LOADED  DISCS  OF  THE 
MATERIAL  TO  SPHERICALLY  FORM  AND  THE  ADVICE  OF  ONE  OF  THESE  MANUFACTURERS 
THAT  THE  MATERIAL  IS  HOT  FORMABLE » FURTHER  EXPERIMENTS  WITH 

SPHERICALLY  FORMED  SHAPES  WERE  DISCONTINUED,  The  BlSIMYEGRAT ION  OF  SEVERAL 
OF  THE  UNSTRESSED  ALLYL  8 GAMS  HEATED  TO  1??°C.  {350°^.)  FROM  THERMAL  STRESSES 
AND  THE  RUPTURE  OF  BEAMS  AT  130°Ce  (266°F.)  SUGGESTED  LOWERING  THE  PREHEATING 
TEMPERATURE  fO  95°C . (203^?.)* 
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CONCLUSIONS 


1,  The  flexural  deformation  vs.  temperature  and  the  Heat  Distortion 
Temperature  (at  a deflection  of  10  mils,  Reference  10 ) of  the  subject  plastic 

SPECIMENS  IS  a FUNCTION  OF  THE  APPLIED  STRESS,  THICKNESS  OF  ORIRINAI  U1TCPUI 
AND  OF  THE  TYPE  OF  POLYMER  (SEE  FIGURES  8 TO  16,  INCLUSIVE,'! 

It  SHOULD  BE  NOTED  THAT  THERE  APPEARS  TO  BE  A CORRELATION  BETWEEN  HEAT 
Distortion  Temperature  of  the  several  materials  and  the  modulus  of  elasticity 
(30  seconds)  in  tension  of  150*^0,  ( 302 °F . ) . (Compare  Figure  17 
with  Figure  i^  However,  there  is  no  correlation  between  heat 

Distortion  Temperature  and  pressure  required  to  form  a hemisphere  at  the 
test  temperatures  used. 


The  rate  of  change  of  flexural  deformation  with  temperature  at  a constant 
stress  is  greater  for  Vinyl ite  (see  Figure  lo)  than  for  any  of  the 

OTHER  PLASTIC  MATERIALS  TESTED.  THE  RATE  OF  CHANGE  OF  HEAT  DISTORTION  TEMPERA” 
ture  with  applied  stress  is  less  for  Vinyl ite  than  fop  any  of  the  other 
material  tested  (see  Figure  1?)»  The  rate  or  change  of  Heat  Distor- 

tion Temperature  with  low  applied  stress  is  greater  for  Homalite  CR-39  than 

FOP.  ANY  OTHER  MATERIAL  TESTED, 

2,  Both  Plexiglas  }~A  and  Plexiglas  } ! change  moduli  of  elasticity  (at 

30  SECONDS)  IN  TENSION  AT  A RAPID  RATE  WITH  TEMPERATUPE  WITHIN  A NARROW  TEMP- 
ERATURE range  (see  Figure  18),  As  the  temperature  of  the  acrylic 

MATERIALS  IS  RAISED,  THE  MODULUS  REDUCES  RAPIDLY  TO  AN  APPROXIMATE  MINIMUM, 

Thereafter,  increasing  temperature  produces  relatively  little  reduction  of 

MODULUS,  VlNYLITE  AND  LUMARITH  CHANGE  MODULI  MORE  UNIFORMLY  WITH  TEMPERATURE, 

The  data  show  that  forming  of  Plexiglas  S-A  and  Plexiglas  !i  should  be  com- 
pleted AT  TEMPERATURES  ABOVE  110°C.  (230°F.)  AND  1 35°C . (275°F.),  RESPECTIVELY, 
TO  KEEP  RESIDUAL  STRESSES  IN  FORMED  PARTS  AT  A MINIMUM.  ONLY  MINOR  REDUCTIONS 
OF  RESIDUAL  STRESSES  IN  FORMED  PARTS  MAY  BE  OBTAINED  BY  INCREASING  THESE 
RESPECTIVE  MINIMUM  TEMPERATURES* 

The  measurements  or  the  modulus  of  elasticity  of  the  acetate  specimens 

ARE  LEAST  ACCURATE.  THE  SPECIMENS  STRETCHED  APPRECIABLY  OF  THEIR  OWN  WEIGHT 
DURING  HEATING  AND  PRIOR  TO  LOADING. 


flGURS  18 


INDICATES  AN  ADVANTAGE  TO  HEAT  I NG  VlNYLITE  AND 


ACETATE  SHEETS  TO  HIGH  TEMPERATURES  PRIOR  TO  FORMING  IN  ORDER  TO  REDUCE  THE 
RESIDUAL  STRESSES  IN  FORMED  PARTS,  HOWEVER,  WHEN  THESE  MATERIALS  ARE  HEATED 
TO  1 35°C . (2?5°F.),  THE  VlNYLITE  SURFACE  BECOMES  ROUGH  AND  THE  ACETATE  SHEETS 
LOSE  ALAST IC5ZER.  THEREFORE,  LOWER  TEMPERATURES  MUST  BE  USED. 
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j'  THERE  IS  A LINEAR  RELATION  BETWEEN  THE  LOG  or  CENTER  DEFLECTION  Or 
8”  DIAMETER  SPHERICAL  SECTIONS  BLOWN  AT  CONSTANT  TEMPERATURE  AND  PRESSURE  AND 
THE  INITIAL  AVERAGE  CENTER  THICKNESS  OF  VlNTLlTE  AND  BOTH  TYPES  OF  ACRYLIC 

sheets  (see  Figures  19  to  28)«  The  limited  data  obtained  for 

LUCITE  HC202  AND  HC212  SHOW  NO  DIFFERENCE  BETWEEN  THESE  MATERIALS  AND  PLEXI- 
GLAS II  (see  Figure  23)« 

The  rate  of  change  of  the  log  of  deflection  of  the  spherical  sections 

DECREASES  WITH  LARGE  CHANGES  IN  ORIGINAL  SHEET  THICKNESS  AND  THE  NECESSARY 
CHANGES  OF  FORMING  PRESSURE  (COMPARE  FIGURE  19  WiTH  25, 

4.  There  is  a linear  relationship  between  the  constant  pressure  used  to 

FORM  APPROXIMATELY  8”  DIAMETER  HEMISPHERES  AT  CONSTANT  TEMPERATURE  AND  THICK- 
NESS OF  VlNYLlTE  AND  BOTH  TYPES  OF  ACRYLIC  SHEET  (SEE  FIGURE  35,  PAGE  55), 

5.  Excessive  heating  times  lower  the  center  deflection  obtained  on  8" 

diameter  sphepical  sections  of  Lumarith  BLOWN  AT  CONSTANT  temperature  and 
pressure  (see  Figure  33),  A similar  effect  was  noted  with  Plastacele 

SHEETS, 

6.  There  is  no  correlation  between  the  center  deflection  of  8"  diameter 

SPHERICAL  SECTIONS  FORMED  OF  ACETATE  SHEFT  at  CONSTANT  TFMP,  raturf  AND  THE 
FORMING  PRESSURE  (SEE  FIGURES  29  TO  }2),  DOMES 

OF  SIMILAR  HEIGHT  WERE  FORMED  F«OM  0,13?”  AND  0,135"  THICK  l.UMARITH  AT  5 
AND  1?  PS  I. 

It  SHOULD  BE  NOTED  THAT  THE  l/S"  THICK  PLASTACELE  SHEETS  WERE  DEFORM- 
A3LE  AT  LOWER  PRESSURES  THAN  THE  l/8"  THICK  LUMARITH  SHEETS, 

7.  There  is  a similarity  between  the  formasility  characteristics  of 

VlNYLlTE  AND  BOTH  TYPES  OF  ACRYLIC  SHEETS  (SEE  FIGURE  34).  INCREAS- 

ING PRESSURES  PRODUCE  A LARGE  INCREASE  OF  DEFLECTION  OF  8"  DIAMETER  SPHERICAL 
SECTIONS  FORMED  AY  CONSTANT  TEMPERATURE. 

Conversely,  the  formasility  characteristics  of  acetate  sheets  are  quite 

DIFFERENT  FROM  THOSE  OF  ACRYLIC.  INCREASING  PRESSURES  PRODUCE  A SMALL  INCREASE 
OF  DEFLECTION  OF  THE  SPHERICAL  SECTIONS.  THERE  APPEARS  TO  BE  A MAXIMUM  HEIGHT 
TO  WHICH  THE  ACETATE  DOMES  MAY  8c  BLOWN  (SEE  FIGURE  34), 

8.  There  is  an  elastic  memory  (ability  to  return  to  the  flat  state  upon 

REHEATING  A FORMED  SHEET)  OF  VlNYLlTE  AND  BOTH  TYPES  OF  ACRYLIC  SHEET , DOMES 
FORMED  FROM  ALL  THREE  MATERIALS  RETURNED  TO  THE  APPROX IMTELY  FLAT  STATE  WHEN 
THE  FORMING  AIR  PRESSURE  WAS  RELEASED  AND  THE  MATERIALS  WERE  MAINTAINFD  AT  AN 
ELEVATED  TEMPERATURE, 

Dome 3 formed  of  acetate  retracted  very  little  when  the  air  pressure  was 
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9.  There  is  a fundamental  difference  in  the  behavior  of  acetate  sheet 

SUBJECTED  TO  HIGH  TEMPERATURE  AND  STRETCHING  FORCES  AND  SIMILARLY  TREATED 
VlNYLITE  AND  ACR TL  I C SHEET*  THE  FA! LUR E OF  THE  FORMER  MA T ER 1 A L TO  STRETCH 
SIGNIFICANTLY  WITH  LARGE  INCREASES  OF  FORMING  PRESSURE  AS  WELL  AS  THE  LOW 
ELASTIC  MEMORY  ILLUSTRATE  THIS  DIFFERENCE, 


10.  HOMALITE  CR-39  SHEETS  CANNOT  BE  SPHERICALLY  FORMED.  THIS  MATERIAL 
CAN  8E  CYUNDRICALLY  FORMED  TO  2%  OUTER  FIBER  STRAIN  PROVIDED  CARE  IS  EXER- 
CISED TO  APPLY  THE  DEFORMING  LOAD  SLOWLY  AND  THE  INTERNAL  STRESSES  PRODUCED 
BY  DIFFERENTIAL  COOLING  ARE  KEPT  AT  A MINIMUM, 


11,  IT  18  POSSIBLE  TO  DIFFERENTIATE  BETWEEN  THE  F0RMA8 1 L I TV  CHARACTER- 
ISTICS OF  THE  FIVE  SUBJECT  PLASTIC  SHEET  MATERIALS  WHEN  THE  MATERIALS  ARE 
HEATED  TO  CONSTANT  V EMPERATURES  AND  FORMED  INTO  8"  DIAMETER  SPHERICAL 
SECTIONS  BY  APPLYING  CONSTANT  AIR  PRESSURES. 

a,  Homalite  CR-39  sheet  (Specification  AF1204o)  cannot  be  signi- 
ficantly SPHERICALLY  FORMED  WITHOUT  RUPTURE,  IRRESPECTIVE  OF  TEMPERATURE  AND 
PRESSURE. 

B.  The  CENTER  DEFLECTION  OF  8"  DIAMETER  SPHERICAL  SECTIONS  OF 
CELLULOSE  ACETATE  SHEETS  (SPECIFICATION  ivil  L-F-666  ( ) WILL  8E  BETWEEN  50  AND 
100^  OF  A HEMISPHERE  WHEN  THE  MATERIAL  IS  HEATED  TO  1l4°C.  (237°F.)  AND  SUB- 
JECTED TO  A CONSTANT  AIR  PRESSURE  OF  5 PS  I . THE  DEFLECTION  MUST  BE  MEASURED 
3 MINUTES  AFTER  THE  PRESSURE  IS  APPLIED,  FORMING  MUST  START  AS  THE  PLASTIC 
ATTAINS  EQUILIBRIUM  TEMPERATURE  CONDITIONS,  THE  SPECIMEN  MUST  BE  TESTED  ONLY 
ONCE  AND  THE  HEIGHT  OF  THE  DOME  WILL  NOT  BE  RELATED  TO  ORIGINAL  SHEET  THICK- 
NESS. The  formed  sheets  will  not  return  to  the  original  plane  state  if  the 
AIR  PRESSURE  IS  RELEASED  AND  THE  TEMPERATURE  IS  MAINTAINED  AT  1l4°C.  (237°F.). 

C.  The  CENTER  DEFLECTION  OF  8"  DIAMETER  SPHERICAL  SECTIONS  OF 
Vinyutc  (Specification  AF12041)  formed  at  a constant  temperature  of  86°C. 
(18?°F.)  WILL  BE  IN  accordance  with  the  following  table. 


Nominal 

ThI CKNESS 


Un£H££1 


Constant 
Air  Pressure 
lEsiJ 


Center  Deflection 
(#  of  Hemisphere) 


0.060 

2.0 

.125 

4.5 

.150 

fc.5 

60  to  100 
60  TO  100 
50  TO  100 


The  center  deflection  or  the  domes  must  be  measured  3 minutes  after  the 

PRESSURE  IS  APPLIED,  A SPECIMEN  MUST  BE  TESTED  ONLY  ONCE  AND  FORMING  MUST  3£ 
STARTED  SHORTLY  AFTER  EQUILIBRIUM  TEMPERATURE  CONDITIONS  ARE  ESTABLISHED. 
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d.  The  center  deflection  c r fi“  diameter  gpher • cal  sections  cf 
°lexigla s i-A  (Spec ( f i cat i on  MIL-P-6886,  thickness  tolerances  of  Table  i) 


FORMED  AT  A CONSTANT  TEMPERATURE  OF  135^* 

(2?5°F.)  WILL  BE  IN  ACCORDANCE 

m 

»■* 

. im 

WITH  THE  FOLLOWING  TABLE. 

-ifiS 

M 

Nominal 

Thickness 

-IMi&al 

0.060 

Constant 
Air  Pressure 
(Psi.) 

Center  Deflection 
{$  of  Hemisphere) 

J4 

1.75 

50  TO  100 

i 

M 

.125 

3.75 

50  TO  100 

■3 

.250 

7.5 

50  TO  100 

.500 

15.2 

50  TO  100 

1 

THE  CENTER  DEFLECTION  OF  THE 

DOMES  MUST  BE 

MEASURED  3 MINUTES  AFTER  THE 

1 

pressure  is  applied,  a specimen  must  be  tested  only  once  and  forming  must  be 

STARTED  SHORTLY  AFTER  EQUILIBRIUM  TEMPERATURE  CONDITIONS  ARE  ESTABLISHED. 


E.  The  center  deflection  of  8m  diameter  spherical  sections  of 
Plexiglas  ii  (Specification  M1L-P-5425,  thickness  tolerances  of  Table  i) 

FORMED  AT  A CONSTANT  TEMPERATURE  OF  135°C.  (275°F.)  W j LL  BE  IN  ACCORDANCE 
WITH  the  following  table. 


Nominal 

Thickness 

-UMtiZSl 


Constant 
Air  Pressure 
LCSIaU 


Center  Deflect  ion 
(i,  of  Hemisphere) 


0.060  2.75 

.125  6.75 

.250  13.5 

.500  27 


50  to  no 
60  TO  11'.. 
50  to  loo 

70  TO  120 


The  center  deflection  of  the  domes  must  be  measured  3 minutes  after  the 

PRESSURE  IS  APPLIED,  A SPECIMEN  MUST  BE  TESTED  ONLY  ONCE  AND  FORMING  MUST  BE 
STARTED  SHORTLY  AFTER  EQUILIBRIUM  TEMPERATURE  CONDITIONS  ARE  ESTABLISHED. 

12.  Simplified  equipment  similar  to  the  spherical  forming  fixture  and 

CYLINDRICAL  FORMS  DESCRIBED  HEREIN  CAN  BE  USED  FOR  QUAL I F SCAT  ION  TESTING  OF 
THE  FORMABILITY  CHARACTERISTICS  OF  THE  SUBJECT  PLASTIC  MATERIALS.  THE  TEST 
METHOD  DESCRIBED  HEREIN  WILL  PRODUCE  OPTICALLY  SATISFACTORY  SPECIMENS  (SEE 

Table  il)  will  indicate  certain  limitations  of  the  formabiuty  of 

THE  MATERIALS  AND  WILL  D I FFERENT I ATE  BETWEEN  THE  FORMABILITY  CHARACTER  1ST i CS 
OF  THESE  MATERIALS. 
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Figure  U SCHEMATIC  DIAGRAM  OF  EXP£RiN£NTAL  OVEN 
SHOWING  PLASTIC  SPECIMEN  TO  BE  MEASURED  FOR  ELONGATION  RATE 
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Figure  2 SET-UP  USED  TO  MEASURE  UNIAXIAL  ELONGATION 

RATE  0?  PLASTIC  SPECIMENS  IN  EXPERIMENTAL  OVEN 
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(Specimens  at  Constant  Temperature,  Deplectio*  M casureo  Three  Mim« 
uve*  After  Appucatiom  or  Comatamt  A»r  Pressure.) 
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DEFLECT  ION  ( INCHES)  DEFLECT  ION  ( INCHES) 


LUMARITH  (NOMINAL  THICKNESS  l/l6") 


1 
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Figure  31 

PRESSURE  (PSI.) 

(Tcmpcraturc  11l|nC,  (237°f 

0,062" 


Si 

i a 
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15  ‘ MEAT  IMG  TIME 
9,249"  THICK 


PIATT ACE LE  (NOMINAL  THICKNESS  lAa) 


Figure  32 


PRESSURE  (PS I,) 
(TEMPERATURE  1lL®C.  (?3T°F,) 


(Specimen®  at  constant  temperature,  deflect  ion  measured  three  minutes  aftr?* 

APPLICATION  or  CONSTANT  AIR  PRESSURE*  HEATH**  TIM*  PSICri  TO  FORMING  AND 
INITIAL  AVERAGE  CENTER  THICKNESS  AS  INDICATED.) 
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